Introduction
Since 1995, the introduction of highly active antiretroviral therapy (HAART) has made HIV infection a manageable disease. [1] [2] [3] [4] However, with the widespread use of antiretroviral therapy (ART), the emergence of drug-resistant HIV could compromise the clinical outcomes in both treatment-naïve and treatment-experienced patients. Transmitted drug resistance to the HIV-1 strain can severely limit the treatment options for new patients Tsai et al and shorten the time to treatment failure. 5 Furthermore, continuing with failed regimens may lead to more complex mutation patterns, the development of cross-resistance to other drugs, and the forward transmission of drug-resistant HIV to ART-naïve patients. 6 The reported prevalence rates of transmitted drug resistance and acquired ART resistance in Taiwan, where routine viral load monitoring is available, are about 8%-10% and 75%, respectively. [7] [8] [9] As of December 2017, an estimated 29,881 people were living with HIV/AIDS in Taiwan, with most being men who have sex with men (MSM; 62.3%) and injecting drug users (19.5%). 10 A single-tablet regimen (STR) has been associated with better drug adherence 11 and improved quality of life compared to multiple tablet regimens. 12 Patients receiving the STR efavirenz/emtricitabine/tenofovir disoproxil fumarate (EFV/ FTC/TDF, Atripla; Gilead Sciences, Foster City, CA, USA) have been reported to have a significantly decreased risk of drug resistance mutations compared to those receiving the same components individually in a non-STR regimen. 13 In a large French multicenter cohort study, Cotte et al 14 reported a virological failure rate of 2% (10/499) in patients initially treated with an STR (Atripla/Complera, FTC/rilpivirine/ TDF, FTC/RPV/TDF; Gilead Sciences), which was lower compared to the rate of 5.7% (154/2,713) in patients receiving a non-STR.
TDF/FTC/EFV (Atripla) was first introduced to Taiwan in 2010, followed by TDF/FTC/RPV (Complera) and abacavir (ABC)/3TC/ dolutegravir (DTG) (Triumeq; ViiV Healthcare, Research Triangle Park, NC, USA) in June 2016. The prevalence of HIV-1 drug resistance to these three STRs is unknown. This study aimed to establish the prevalence of genotypic drug resistance (GRT) after failure of STR anti-HIV therapy in southern Taiwan, and to establish the clinical and viral characteristics that may be predictive of any drug resistance.
Patients and methods study design and participants
This retrospective study was being investigated in southern Taiwan from January 2016 to September 2017. For the purpose of this study, treatment-experienced patients with virological failure were defined as those having an HIV-1 viral load of ≥1,000 copies/mL. All of the enrolled patients underwent GRT testing. A standardized questionnaire was used to collect demographic data including age, gender, risk factors for HIV infection, CD4 count, viral load, and duration and name of the ART used. First-line ART is provided for free at 69 designated hospitals nationwide by infectious disease physicians and supported by HIV case managers. Due to financial constraints on the provision of free access to combination ART (cART), the Taiwan Centers for Disease Control limits the prescription of cART to antiretroviral-naive HIV-1-infected patients who received their first cART after 1 June 2012. There are currently four STRs approved for use in Taiwan (in order of approval): 1) TDF/emtricitabine/EFV (Atripla) in 2010; 2) TDF/ emtricitabine/RPV (Complera) in June 2016; 3) dolutegravir/abacavir/lamivudine (Triumeq) in June 2016; and 4) tenofovir alafenamide (TAF)/emtricitabine/elvitegravir/ cobicistat (Genvoya) in September 2017. These four STRs are recommended for the initial therapy in current Taiwan HIV treatment guidelines. Complera is listed as an "alternative" regimen in patients with HIV RNA <100,000 copies/ mL and in patients with a CD4 count >200 cells/µL. Atripla, Complera, and Triumeq were the only three STRs available when this study was conducted. The standard follow-up of HIV-infected patients on ART consisted of out-patient visits every 3 months, with physical examinations, CD4+ T cell count, viral load, hematology, and biochemistry. However, HIV-1 GRT testing for patients with virological failure was not routinely performed. Blood samples for such patients were sent to the Centers for Disease Control for GRT once in every 3 years or to the reference laboratory if the patient signed informed consent. 9 
gRT testing
Resistance testing for protease/reverse transcriptase (PR/RT) (pol gene) was performed on plasma samples using ViroSeq HIV-1 Genotyping System version 2.8, according to the manufacturer's instructions (Celera, Alameda, CA, USA). Integrase strand-transfer inhibitor (INSTI) resistance was determined using in-house population sequencing. 15, 16 Antiretroviral resistance to PR/RT (pol gene) and to INSTI was interpreted using the HIVdb program of the Stanford University HIV Drug Resistance Database (http://hivdb.stanford.edu; date last accessed 1 Jan 2018). The patients classified as having low-level resistance, intermediate resistance, and high-level resistance were defined as having drug resistance. Resistance-associated mutations were defined according to the presence of at least one mutation included in the 2017 drug resistance mutation list of the International AIDS Society-USA consensus guidelines. 17 
statistical analysis
Mann-Whitney U test was used to compare the median values of continuous variables between groups (resistance and wild virus), while Fisher's exact test was used to compare categorical variables between the two groups. A two-sided P-value <0.05 was considered to be statistically significant. Statistical calculations were performed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA).
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Results
A total of 39 HIV-1 infected STR users who failed treatment and were tested for resistance were enrolled. Among these 39 patients, 94.9% (n=37) were male and 79.5% (n=31) were aged 20-39 years. Moreover, 89.5% (34/38) were MSM. Eight patients were treatment naïve and initiated STR, and 31 patients had failed treatment after switching to an STR. Upon virological failure, the median CD4 cell count was 288 (interquartile range [IQR]: 136-410) cells/µL, with a viral load of 4.7 log (IQR: 3.9-5.1). Most (90%) of the 39 patients had HIV subtype B ( Table 1) .
The median duration of HAART was 13 months (IQR: 8-46 months), and the median duration of current HAART upon presentation for GRT was 6 months (IQR: 2-9 months). Upon presentation for GRT, Atripla was used in 28 (71.8%) patients, Complera in 8 (20.5%) patients, and Triumeq in 3 (7.7%) patients.
Of the 39 patients with GRT, 87% had drug resistance to any of the four classes of antiretroviral drugs, including 72% showing resistance to nucleoside reverse transcriptase inhibitors (NRTIs), 82% to non-nucleoside reverse transcriptase inhibitors (NNRTIs), 10% to protease inhibitors (PIs), and 3% showing resistance to INSTIs (Figure 1 ). Among the 3 Triumeq users with virological failure, one developed drug resistance to DTG, elvitegravir, and raltegravir (E138K, G140S, Q148H). This patient had ever used raltegravir for 22 months before switching to Triumeq. Among the 36 STR (Atripla/Complera) users with virological failure, none had INSTI resistance.
Only 5% of the 39 STR users were resistant to zidovudine, 23% to TDF, and 10% were resistant to to atazanavir/ritonavir or lopinavir/ritonavir. Of the patients who failed Complera or Triumeq treatment, 38% and 33% were resistant to atazanavir/ritonavir or lopinavir/ritonavir, respectively ( Figure 2 ).
Ninety percent of the patients had drug resistanceassociated mutations to any of the four classes of antiretroviral Notes: PIs in IR: boosted-PI consisted of lopinavir/ritonavir (n=5) and atazanavir/ ritonavir (n=1) and unboosted-PI consisted of atazanavir (n=3). atripla, efavirenz/ emtricitabine/tenofovir disoproxil fumarate; complera, emtricitabine/rilpivirine/ tenofovir disoproxil fumarate; Triumeq, abacavir/dolutegravir/lamivudine. Abbreviations: cR, current regimen; eFV, efavirenz; haaRT, highly active antiretroviral therapy; hBV, hepatitis B virus; hcV, hepatitis c virus; IDU, intravenous drug user; IQR, interquartile range; IR, initial regimen; MsM, men who have sex with men; nRTI, nucleoside reverse transcriptase inhibitor; nnRTI, non-nucleoside reverse transcriptase inhibitor; nVP, nevirapine; PI, protease inhibitor; RPV, rilpivirine; sTR, single-tablet regimen: TDF/3Tc, tenofovir disoproxil fumarate/lamivudine; TDF/FTc, tenofovir disoproxil fumarate/emtricitabine; ZDT/3Tc, zidovudine/lamivudine. submit your manuscript | www.dovepress.com
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Tsai et al drugs ( Figure 3 ). The most common NRTI drug resistance-associated mutations were M184V/I (71.8%) and K65R (17.9%). For NNRTI, the most common drug resistance-associated mutations were K103N (35.9%), V179D (33.3%), Y181C (12.8%), and L100I (12.8%), while for PI, they were K20T (7.7%) and L90M (5.1%). One of the three patients (33.3%) who failed Triumeq treatment had E138K, G140S, and Q148H INSTI mutations (Figure 4 ). The Note: The figure shows 87% drug resistance to any of the four classes of antiretroviral drugs, including 72% resistance to NRTI, 82% resistance to NNRTI, 10% resistance to PI, and 3% resistance to INSTI. Abbreviations: InsTI, integrase strand transfer inhibitor; nRTI, nucleoside reverse transcriptase inhibitor; nnRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; sTR, single-tablet regimen. Figure 2 The prevalence of drug resistance to nRTI, nnRTI, PI, and InsTI among 39 hIV-1-infected patients with virological failure to sTRs. Notes: The figure shows that 5% of the 39 STR users were resistant to zidovudine, 23% to tenofovir disoproxil fumarate, and 10% were resistant to atazanavir/ritonavir or lopinavir/ritonavir. Of the patients who failed complera or Triumeq treatment, 38% and 33% were resistant to atazanavir/ritonavir or lopinavir/ritonavir, respectively. Abbreviations: InsTI, integrase strand transfer inhibitor; nRTI, nucleoside reverse transcriptase inhibitor; nnRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; sTR, single-tablet regimen. Table 2 . Four of five STR users were subtype B and one was CRF07_BC. The reason why 5 STR users did not have resistance when failure was probably due to the low sensitivity for GRT in detection of resistance and poor patients adherence with emergence of wild type virus when discontinuation of HAART.
There were no associations of CD4, viral load, HIV subtype, months on current regimens, and prevalence of drug resistance between those patients being treatment naïve and initiated STR and the patients failing treatment after switching to an STR (Table 3) . We could not identify the risk factors for any class of antiretroviral drug resistance. Only 23% of the patients were resistant to TDF; we further analyzed the Figure 3 Percentage of hIV drug resistance-associated mutations to nRTI, nnRTI, PI, and InsTI among the 39 hIV-1-infected patients with virological failure to sTRs. Abbreviations: InsTI, integrase strand transfer inhibitor; nRTI, nucleoside reverse transcriptase inhibitor; nnRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; sTR, single-tablet regimen. Figure 4 The prevalence of drug resistance-associated mutations to nRTI, nnRTI, PI, and InsTI among the 39 hIV-1-infected patients with virological failure to sTRs. Notes: The figure shows that the most common NRTI drug resistance-associated mutations were M184V/I (71.8%) and K65R (17.9% Table 5 .
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Discussion
The current study illustrates the prevalence of HIV drug resistance among HIV-infected patients with virological failure after STR treatment in southern Taiwan. In particular, this study highlights the high rate of drug resistance (87%) to any of the four classes of ART currently available in Taiwan. There was no difference in the prevalence of drug resistance between patients being treatment naïve and initiated STR and patients failing treatment after switching to an STR. PI resistance was associated with a non-Atripla-based STR (P=0.004) and a longer duration of ART (101 months [72.0-123.3] vs 11 months 
, P=0.007).
The risk of virological failure was low in the treatmentnaïve HIV-1-infected patients starting an STR and in HIV RNA viral-suppressed patients switching to a co-formulation of EFV/FTC/TDF or RPV/FTC/TDF. 18, 19 In a French study, researchers reported that virological failure occurred in 5% (4/76) of patients starting EFV/FTC/TDF between 1 Jan 2007 and 1 June 2010. 18 In an Italian study, Gagliardini et al reported that among 1,560 stable patients who switched to EFV/FTC/TDF and RPV/FTC/TDF, virological failure occurred in 44/1,097 (4%) of those receiving EFV/FTC/TDF and 29/463 (6%) of those receiving RPV/FTC/TDF during a maximum follow-up period of 3 years. 19 Another Italian study examined the impact of pre-existing NRTI and NNRTI resistance on the maintenance of virological suppression in HIV-1-infected patients who switched to an RPV/FTC/TDF regimen. By 72 weeks, the probability of virological failure was 9.4% among the 309 patients who did not have pre-existing NRTI and NNRTI resistance. 20 Taken together, although the risk of virological failure is low in patients using STRs, the prevalence of drug resistance is high in patients who failed STR treatment. In the Single-Tablet Regimen (STaR) study, the primary protocol-defined resistance analysis population included 20/394 (5.1%) patients receiving RPV/FTC/TDF and 7/392 (1.8%) patients receiving EFV/FTC/TDF at Week 48. In the RPV/FTC/TDF group, isolates from 17/20 (85%) of the resistance analysis population showed the development of NNRTI and/or NRTI resistance mutations. In the EFV/FTC/TDF group, isolates from 3/7 (43%) patients 
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hIV single-tablet antiretroviral regimens resistance in Taiwan   Table 3 Demographic information, antiretroviral treatment duration, and resistance between 8 treatment-naïve patients initiating an sTR and 31 treatment-experienced patients switching to an sTR with virological failure Note: atripla, efavirenz/emtricitabine/tenofovir disoproxil fumarate; *P<0.05. Abbreviations: ahR, adjusted hazard ratio; cR, current regimen; haaRT, highly active antiretroviral therapy; hBV, hepatitis B virus; IQR, interquartile range; MsM, men who have sex with men; n, no; PI, protease inhibitor; sTR, single-tablet regimen; TDF, tenofovir disoproxil fumarate; Y, yes.
showed the development of NNRTI and/or NRTI resistance mutations. 21 These findings were similar to the results of our study, in which a high rate of drug resistance (87%) was noted to any of the four classes of ART.
In the present study, 10% of the patients developed PI resistance. Nine of the 31 treatment-experienced patients had PI in their initial regimen and 4 developed resistance after switching to STRs. The emergence of PI resistance at the time of virological failure was uncommon in PI-naïve patients who experienced virological failure while taking a PI regimen. In previous studies in Taiwan, the reported transmitted drug resistance rate to PI was extremely low (<4%). 7, 8 The presence of PI resistance in treatment-experienced patients who switched to an STR is interesting. In addition, 10% of the 39 STR users were resistant to atazanavir/ritonavir or lopinavir/ritonavir. In particular, 38% and 33% of those receiving Complera and Triumeq were resistant to atazanavir/ritonavir or lopinavir/ritonavir, respectively. In a Phase 3b, randomized, open-label, international, 48-week switch study, researchers compared the efficacy and safety of antiretroviral simplification from a ritonavir-boosted PI-based regimen to the STR (RPV/FTC/TDF) in virologically suppressed, HIV-1-infected patients. They found that no patient in the PI with two NRTIs arm met the criteria for resistance analysis after switching submit your manuscript | www.dovepress.com
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Tsai et al Notes: PIs in the initial regimen. For patients who developed TDF resistance, the initial regimen of boosted-PI at failure consisted of lopinavir/ritonavir (n=1). For patients who developed TDF resistance, the initial regimen of unboosted-PI at failure consisted of atazanavir (n=1). For patients who did not develop TDF resistance, the initial regimen of boosted-PI at failure consisted of lopinavir/ritonavir (n=4) and atazanavir/ritonavir (n=1). For patients who did not develop TDF resistance, the initial regimen of unboosted-PI at failure consisted of atazanavir (n=2 
1070
Tsai et al to RPV/FTC/TDF through Week 48. 22 The reason why PI resistance was being observed in those treatment-experienced patients was probably due to the inappropriate switching from a multiple tablet regimen to an STR without guidance by a GRT. The principle for switching a HAART regimen in the Department of Health and Human Services guidelines is based on a review of ART history, drug resistance test results before switching, and increased monitoring during the first 3 months after switching. Care is needed when switching from a booster PI to another class if full treatment or resistance history is not known. 23 This should remind clinicians that detailed drug resistance history and close monitoring are mandatory after switching to an STR.
Limitations
The sample size was small, and only 8/39 patients were treatment naïve and failed STR treatment. The prevalence rate for STR failure could not be calculated due to the lack of data on the total number of STR users who did not harbor resistance. In addition, data on the baseline prevalence of HIV-transmitted drug resistance for the population studied were also unavailable. Routine GRT in treatment-naïve HIV-1-infected patients is not reimbursed by the health insurance system or the government, although the prevalence of transmitted drug resistance has been reported to be around 8%-10% in Taiwan. 7, 8 In addition, the duration of virological failure before GRT was not precisely determined, even though routine viral load monitoring is available in Taiwan. The doctors in-charge may have had limited access to the GRT due to non-reimbursement from the National Health Insurance System. Although GRT has been found to have a significant benefit on the virological response when choosing the salvage regimens in patients failing ART, [24] [25] [26] the treatment outcomes for patients with virological failure after switching to another regimen are not available, making it impossible to evaluate the clinical impact of GRT in these patients. Data were also lacking on adherence to the ART regimen. Lastly, the results were from southern Taiwan with predominantly MSM subtype B patients. Thus, it would be interesting to extend this work to other risk groups or other areas of Taiwan.
Conclusion
This study showed a high rate of antiretroviral drug resistance in patients who failed STR treatment. The presence of PI resistance in those who failed STR treatment was unexpected, and it represents an inappropriate switch in drug regimen from a multiple tablet regimen to an STR. This should remind the clinician that a detailed drug resistance history and close monitoring are mandatory after switching to an STR.
